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We report the effect of Al substitution on the Mn site of the bilayered half doped manganite
La1Sr2Mn2O7. This substitution dilutes the magnetically active Mn-O-Mn network without in-
troducing an appreciable distortion in the lattice and ionic considerations leads to a predominant
reduction of Mn4+ with increasing Al. The rate of fall of the long range antiferromagnetic tran-
sition temperature as a function of substitution is seen to match well with established quasi 2D
Heisenberg systems indicating that the nature of magnetic interactions in this quasi 2-D system
is of the short range Heisenberg type. The magnetic contribution of the specific heat estimated
using Fisher’s relation could be fitted with a function incorporating the presence of a gapped Fermi
surface appropriate for this type of systems. The resistivity was seen to increase as a function of
substitution due to the weakening of the double exchange within the ferromagnetic layers of these
A type of antiferromagnets and justifiably, in the paramagnetic region the data could be fitted to
Mott’s equation for the variable range hopping of polarons in 2 dimensions.
PACS numbers: 75.47.Lx, 75.50.Ee, 75.40.Cx, 71.38.Ht
Mn based Ruddlesden-Popper[1] compounds
(LaSr)n+1MnnO3n+1 are known to have a layered
structure in which n-MnO3 blocks are seperated by an
additional (La1−xSrx)O layer. The perovskite structure
corresponds to the n = ∞ and the K2NiF4 structure to
n = 1 members of this series. The bilayered (n = 2)
manganites La2−2xSr1+2xMn2O7 have been extensively
investigated ever since the x= 40% member of this series
showed collosal magnetoresistance[2], albeit at lower
temperatures. The structural consequence of moving
from the perovskite (n=∞) to the bilayer (n = 2) is the
introduction of a 2 dimensional character to the system.
The number of next neighbour Mn cations around
each transition metal site reduces from 6 to 5, thus
providing an anisotropic reduction in the one electron
(eg) bandwidth, as a consequence of which the electronic
and transport properties are interestingly modified.
One of the most intruiging phenomenon observed
in perovskite manganites is the real space ordering of
Mn3+ and Mn4+ ions. This charge ordering[3]is fre-
quently observed at commensurate compositions, pro-
vided the bandwidth (W) is not large. In the vicin-
ity of 50% hole doping, a variety of perovskite man-
ganites show the so-called CE type of spin ordering,
which is made up of zig-zag ferromagnetic chains ordered
antiferromagnetically[4]. In analogy with the 3D man-
ganites, the bilayered manganite La1Sr2Mn2O7 is also
expected to show similar spin/charge ordering consider-
ing the fact that it has an equal (50%) of Mn3+ and
Mn4+ ions. Though initial diffraction experiments sup-
ported this point of view[5], later results have indicated
that the CE type of spin/charge ordering exists only at
intermediate temperatures[6] and that its volume frac-
tion is small as compared to the much more dominant A
type of antiferromagnetic(AFM) state[7].
Mn site substitution, besides introducing various in-
teresting phases[8] in the half doped perovskite mangan-
ites offers considerable insight into the nature of mag-
netism and transport in this class of materials. Though
this avenue of research has gained popularity in recent
times, Mn site substitution in the layered analogues have
not been adequately explored. Here, we report the mag-
netic and transport properties of the bilayered mangan-
ite La1Sr2Mn2O7, with Al substituted in the Mn site. Al
was selected as a dopant on ionic considerations, as its
ionic radii matches very well with that of Mn4+[9]. Thus
one would expect minimal lattice distortion along with a
preferential replacement of Mn4+. Most importantly, Al
with an empty d shell is non magnetic, and hence a sim-
ple dilution of the magnetic lattice would be expected.
Polycrystalline samples of La1Sr2Mn2−xAlxO7 (0 ≤
x ≤ 10%) have been prepared using the standard
solid state ceramic route, with starting materials La2O3,
SrCO3, MnO2 and Al2O3 of atleast 99.99% purity. The
powdered samples are mixed and initially treated for
1000oC for 24 hours after which they are pelletised, re-
ground and treated for 1250oC (24 hrs) and 1500oC
(36hrs) with intermediate grindings. X ray diffraction
is done using a Rigaku Rotaflex RTC 300RC powder
diffractometer with Cu Kα radiation. All the samples
are seen to crystallise in the tetragonal (I4/mmm) struc-
ture. Rietveld profile refinement[10] of powder XRD data
is used to determine the structural parameters tabulated
in Table.1. As is clearly seen, the variation in the struc-
tural parameters is < 1% indicating that Al doping does
not introduce any major structural distortion. The val-
ues of the mean Mn valence determined by using iodo-
metric redox titrations (using sodium thiosulphate and
pottasium iodide) unambiguously indicate a preferential
replacement of Mn4+ with increasing Al substitution.
The presence of stacking faults in the double layered
structure is known to result in the formation of parasitic
2TABLE I: Structural and fitting parameters determined from
the Rietveld profile refinement of the powder XRD patterns
for the series La1Sr2Mn2−xAlxO7+δ. Here O1 refers to the
apical oxygen in the double perovskite slab, O2 is the equi-
torial oxygen which lies in the plane of the perovskite layer,
and O3 is the apical oxygen in the rocksalt layer. The mean
valence state of Mn was determined by redox iodometric titra-
tions
Al (x) 0% 2.5% 5% 7.5% 10%
a(A˚) 3.8707 3.8690 3.8652 3.8618 3.8544
c(A˚) 19.9771 19.9820 19.9921 19.9982 20.0006
V(A˚3) 299.30 299.11 298.68 298.24 297.14
Mn-O1(A˚) 1.949 1.958 1.969 1.976 1.984
Mn-O2(A˚) 1.951 1.949 1.947 1.946 1.943
Mn-O3(A˚) 1.962 1.966 1.982 1.998 2.032
Mn-O2-Mn 165.41o 165.51o 165.66o 165.82o 165.98o
Mn3+% 49.0 48.5 47.6 46.7 45.7
Mn4+% 51.0 49.0 47.4 45.8 44.3
(LaSr)MnO3 and (LaSr)2MnO4 phases[11]. A parasitic
perovskite phase has been detected in our samples and
(using Rietveld profile refinement) is estimated to make
up ≈ 3% of the volume fraction. However we have rea-
sons to believe that the presence of this intergrowth does
not adversely affect the nature of magnetism and trans-
port in these samples at least in the temperature ranges
of our interest.
Magnetic susceptibility measurements are done using a
home made ac susceptometer[12]. The parent compound
La1Sr2Mn2O7 is known to order antiferromagnetically at
≈ 225K, and since Al substitution dilutes the magnet-
ically active Mn-O-Mn network, one would expect the
transition temperatures to drop to lower temperatures
with increasing Al substitution. This is clearly seen in
Fig.1, where the temperature dependence of the real part
of ac-susceptibility for the whole series shows a rapid re-
duction of the Neel temperature (TN ) as a function of
increasing Al doping.
This problem of site dilution has been extensively stud-
ied in the past in an attempt to understand the nature
of percolation in magnetic systems, and the rate of fall
in TN is known to depend on the universality class to
which the system belongs. For instance, according to
the mean field theory the long range TN decreases lin-
early with increasing non magnetic substitution and long
range order dissapears only when all the magnetic ions
are substituted by non magnetic ones. For quasi 2-D
Ising systems (like K2Co2F4 [13]), this drop is known to
be much more rapid, and long range order dissapears at
a dopant concentration of x ≈ 40%, which is the site
percolation threshold for a 2D lattice. However for sys-
tems like La2Cu1−xMgxO4[14] which are known to be
2D Heisenberg like, the fall in TN is even more drastic,
and long range order is expected to dissapear at x ≈ 20-
25%. A useful parameter for the comparison of various
systems is the Initial suppression rate (RIS) defined as
-∂[TN(x)/TN (0)]/∂x. For our system, we obtain RIS≈
2.7 which is close to the that of other 2D Heisenberg
systems[14]. This is shown in Fig. 2 where the fall in
TN is shown as a function of substitution. Our data is
seen to match very well with that of La2Cu1−xMgxO4, a
well established 2D Heisenberg system. Thus our results
clearly indicate that the nature of magnetic interactions
in this bilayered series are of the short range 2D Heisen-
berg type. However, rigorous measurements of the critical
region can be made to reconfirm this observation.
It has been proposed[15] (and verified[16]) that in a
paramagnetic-antiferromagnetic transition, the magnetic
contribution to the specific heat (Cmag) mirrors the
behaviour of ∂(χT )/∂T ; ie Cmag = A∂(χT )/∂T where
A is a relatively slowly varying function of temperature.
Fig. 3 shows the temperature dependence of ∂(χT )/∂T
for the whole series. All the samples show a typical
λ-type feature which is a signature of an antiferro-
magnetic transition. The temperature of the peak of
this feature is marginally smaller than the temperature
where the peak in susceptibility occurs, as is expected
in layered systems, where the effect of short range (2-D)
correlations are known to be more pronounced. The
data close to the transition region for T< TN could be
fitted to an equation
∂(χT )/∂T ∝ Cmag = α exp(-∆/T )
where the exp (-∆/T) term arises from the presence of
a gapped Fermi surface[17]. Good fits could be obtained
for all the samples in the range ≈ 1/3(T/TN), and the
magnitude of ∆ was seen to reduce with increasing Al
doping as is shown in the inset of Fig.3. The origin of
the gap (∆) used in fitting our data is not easy to discern.
Possible mechanisms that can be considered include the
effect of spin, charge or orbital order, a Coulomb gap,
strong electron lattice coupling or even a simple split-
ting of the levels due to the Jahn Teller effect on the
Mn3+ ions. The data below ≈ 1/3(T/TN) could be fitted
incorporating an addition term (T3) arising due to the
presence of antiferromagnetic spin waves (magnons)[18].
However, we have refrained from including it in our anal-
ysis, considering the fact that the constant of proprtion-
ality (A) used in the Fisher’s relation is a slowly varying
function of T in the vicinity of the transition, and hence
fitting the data far away from this region could result in
considerably larger errors.
Determination of the nature of electronic transport
in hole doped manganites is a problem that contin-
ues to elude solutions[19]. Current consensus is that
the conduction atleast in the paramagnetic regime oc-
curs through the hopping of charged carriers localised
in the form of polarons. These polarons could be di-
electric polarons where the electron bears with it a di-
lation of the MnO6 octahedron, or a Jahn-Teller po-
3laron due to the axial distortion of the octahedron. The
paramagnetic state of the layered manganites have re-
cieved much lesser attention, though early studies on
La1.2Sr1.8Mn2O7 drastically demonstrated the effect of
dimensionality, as the conduction along the ab plane
indicated the presence of Zener-pair polarons, whereas
along the c axis adiabatic small polaronic behaviour was
concluded[20]. Recently, the conduction in the paramag-
netic state of La1Sr2Mn2O7 was reported to be due to the
variable range hopping of polarons in the presence of a
Coulomb gap[21]. In general, the Mott’s Variable range
hopping(VRH)[22] is described by ρ= ρ0 exp [T0/T]
p,
where p = 1/(d+1) with ’d’ being the dimensionality of
the system. Mott’s activation energy (T0) ∝ 1/N(E)ξ
d,
where N(E)is the density of states at the Fermi level and
ξ is the localisation length. However, in our case the
transport data in the paramagnetic region of all the sam-
ples is seen to have much better fit to Mott’s equation
for VRH in 2 dimensions(p = 1/3) than to a VRH in the
presence of a Coulomb gap (p = 1/2) as is seen in Fig.4.
The values of T0 were seen to decrease with increasing
Al doping, implying an increase in the localisation length
provided the density of states at the Fermi level does not
change.
The transport data in the region T < TN for all the
samples is shown in Fig.5, where the resistivity is seen
to increase with increasing Al doping. This could be
understood to be due to the destabilisation of the A
type of AFM state. This A type of AFM is known to
occur in systems with a relatively large bandwidth[23]
and is of a 2-D character, where the eg electrons in
each ab (ferromagnetic) plane are itenerant. Here the
eg electrons supposedly occupy the isotropic (and de-
localised) d(x2-y2) orbitals[24], in contrast to the CE-
type of half doped AFMs, where the eg electrons oc-
cupy the anisotropic (and localised) d(3x2-r2) and d(3y2-
r2) orbitals alternately[25]. These ferromagnetic layers
are then alligned antiferromagnetically, making up this
anisotropic antiferromagnet. Al substitution randomly
cuts the electronically and magnetically active Mn-O-
Mn network and reduces the effective double exchange
strength within these ferromagnetic layers, resulting in
a net increase in the resistivity. This behaviour is at
variance with that seen in a 3D perovskite charge or-
dered system Pr0.5Ca0.5MnO3with a CE type of AF or-
dering, where Al substitution was seen to reduce the
value of the resistivity in the (weakened) charge ordered
region[26].This clearly brings forward the contrasting ef-
fects non magnetic substitution has on half doped man-
ganites with different (ie A or CE type) antiferromag-
netic ground states.
In summary, polycrystalline samples of Al substituted
La1Sr2Mn2O7 were prepared to study the effect of non
magnetic substitution in the half doped bilayered man-
ganites. The reduction in the values of TN with in-
creasing substitution was observed to be similar to that
observed in a well established 2D Heisenberg system
La2Cu1−xMgxO4. This observation clearly indicates that
the magnetic interactions in these bilayered systems are
of the 2D Heisenberg type. The magnetic contribution
to the specific heat near the transition temperature es-
timated using Fisher’s relation could be fitted to a term
corresponding to a gapped Fermi surface, the magnitude
of which was seen to decrease with increasing substitu-
tion. The resistivity of the samples were seen to increase
in the region T<TN with increasing Al substitution due
to the reduction of the effective double exchange inter-
action within each layer of the A type AFM, whereas in
the paramagnetic region the conduction was seen to be
of a simple 2D VRH form without a Coulomb gap.
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4FIG. 1: The real part of first order ac susceptibility plotted as
a function of temperature for the series La1Sr2Mn2−xAlxO7.
The transition temperatures are seen to shift to lower tem-
peratures with increasing Al doping.
FIG. 2: The normalised Neel temperature [T/TN ] plotted as
a function of substitution for various quasi-2D systems. The
data for K2(Co1−xMgx)F4 and La2(Cu1−xMgx)O4 are from
ref [13] and [14] respectively. The skewed lines are guides to
the eye indicating the effect of site dilution on a Mean Field
and a Ising square lattice system
FIG. 3: The magnetic contribution to the specific heat
plotted as a function of temperature for the series
La1Sr2Mn2−xAlxO7. The solid line indicates fits incorporat-
ing the presence of a gapped Fermi surface. The inset shows
the normalised value of ∆ plotted as a function of the dopant
concentration.
FIG. 4: Semilog plot of the resistivity(ρ) vs T−1/3 of
La1Sr2Mn2−xAlxO7 for T > TN . The lines are linear fits to
the experimental data indicating that the 2D variable range
hoppping mechanism is valid in the paramagnetic region.
FIG. 5: Semilog plot of the resistivity(ρ) as a function of tem-
perature for the series La1Sr2Mn2−xAlxO7 , clearly indicat-
ing the increase in resistivity as a function of Al doping. This
arises due to the weakening of the double exchange within the
ferromagnetic layers in these A type antiferromagnets.
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